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It has been our policy to recommend surgical ligation of a patent ductus arteriosus in premature neonates unresponsive to a short trial of medical treatment for cardiac failure or respiratory distress. In central Israel our cardiovascular surgical unit provides a surgical service to four neonatal intensive care units over an area of 3600 square kilometres.
To avoid moving these critically ill infants, the operations were performed in the neonatal intensive care units, which were 40-70 km from the surgical unit.
This report discusses our experience, including the surgical management and follow up of the survivors.
Patients and methods
Thirty premature neonates (19 One of the main advantages is in maintaining normothermia, which is easier in the partioned area in the NICU than in the operating theatre. All of our patients were maintained at 36-380C. The isolettes on which they were placed for the operation had temperature control. The ambient temperature of the room was usually 38°C. Heating lamps, warming blankets, and wrapping of the extremities and head with sheet wadding were used. All transfusates and infusates were warmed to body temperature before administration.
There is no unanimous agreement about the ideal anaesthetic management of these neonates. Most anaesthetists prefer to avoid or use sparingly the potent inhalation anaesthetics. Nitrous oxide causes myocardial depression.'" Despite this, the combination of nitrous oxide with oxygen with or without relaxants and narcotics has been used by many for general anaesthesia.'8 1" Lipman et a120 reported a series of 24 patients who had had oxygen, succinylcholine, and local anaesthetics. Robinson and Gregory2' reported the use of fentanyl and pancuronium combined with oxygen and air, which produced minimal circulatory disturbances. A ketamine, pancuronium, oxygen, and air combination has also been suggested in published reports. We used 536 pethidine, atropine, pancuronium, oxygen, air, and local anaesthetic in combination, on the hypothesis that this would cause minimal circulatory disturbance with effective control of pain. Absence of intraoperative bradycardia and hypoxia (checked by continuous TcPo2 monitoring) supported our hypothesis. There was no postoperative complication that could be attributed to anaesthetic management.
Optimal oxygenation during operation means maintaining oxygenation within a very narrow range and TcPo2 monitoring provides excellent indication of control. During brief spells of vigorous lung retraction 100% oxygen has to be administered to prevent bradycardia. Though hypoxia is generally more damaging than hyperoxia, Betts eta!22 correlated the late development of retrolental fibroplasia with brief periods of hyperoxygenation during general anaesthesia.
Several factors have been evaluated as predictors of patients' progress and prognosis. Gay et a!23 correlated large shunt duration with survival and the late development of bronchopulmonary dysplasia. Clarke et a!24 analysed their data and those of nine other series and concluded that in respirator dependent neonates with respiratory distress and patent ductus arteriosus the shorter the large shunt duration the lower the mortality rate. They concluded that a large shunt duration of more than eight days significantly increased the mortality rate. We did not find any correlation of large shunt duration of eight days with survival and the late development of bronchopulmonary dysplasia in our patients. Clarke's group further observed a correlation of the average Fio2 requirement with the development of bronchopulmonary dysplasia, the Fio2 requirement being appreciably less in patients without dysplasia. We did not notice any such correlation among our survivors.
Early ductal ligation resulted in a shorter period of intubation, in patients weighing less than 1500 g, than was possible in the medical treatment group in the series reported by Mikhail etal.'0 Our experience corroborates that. Contrary to their other conclusion, however, early ligation was not found to influence the progress of bronchopulmonary dysplasia if this was already present before operation.23 2526 Hall et a127 found chronic lung disease, in many cases with cor pulmonale, in six of their 14 long term survivors. Apparently ligation of the patent ductus arteriosus did not reverse or arrest the progress of lung disease in those patients. Brandt and coworkers28 in a late follow up (after one to five years) of 51 survivors found radiographic evidence of bronchopulmonary dysplasia in 17 patients (34%) and no residual sequelae were noticed in only Ghosh, Lubliner, Mogilnar, Yakirevich, Vidne 24 survivors (less than 50%). This perhaps puts the role of surgical intervention in its proper perspective. This is no "miracle cure in babies with marginal hope for a normal life.2 It does, however, increase the quantity of life in these sick neonates who may not otherwise survive at all.
The role of patent ductus arteriosus ligation differs considerably in premature babies with and without respiratory distress.2530 In eight out of 30 patients in our study who had no preoperative respiratory distress only two died. One succumbed three and a half months after operation at the age of 128 days owing to a spell of bradycardia. The second died from intracranial haemorrhage and sepsis 38 days after operation. All others had a rapid recovery and left hospital.
The influence of patent ductus arteriosus on pulmonary mechanics, gas exchange, and evolution of bronchopulmonary dysplasia remains undefined. Ductal patency possibly does not decompress a hypertensive pulmonary vascular bed. 30 Rudolph and coworkers3' showed low pulmonary and systemic arterial pressures in critically ill premature neonates with respiratory distress. Most of their patients had a dominant left to right shunt, though a mixed shunt was reported in some. Levitsky et a!3' noted that even patients with a small shunt that is not necessarily large enough to increase the size of the left atrium will show a decrease in pulmonary compliance. Coran and colleagues25 support the observations of Rudolph's group. Possibly large left to right shunts continue to cause pulmonary damage after causing left heart failure. Left atrial volume overload raises pulmonary venous and capillary pressures, resulting in alveolar transudation and impaired gas exchange. Aggravated ventilationperfusion inequality results in reduction of lung compliance. This leads to further decreased oxygenation and impairment of an already stressed left ventricle. Whether ductal interruption may reverse the process at this stage has not yet been determined. In our follow up of 18 long term survivors persistent bronchopulmonary dysplasia was noticed in six, of whom five had it before operation. Apparently surgical ligation neither reversed nor influenced the dysplasia in these babies. 
